The aquaporins (AQPs) are a family of intrinsic membrane proteins that function as water-selective channels in the plasma membranes of the cells of many watertransporting tissues (1, 2) . The first AQP to be identified, CHIP28 (later called AQP-CHIP), was purified by Agre and his colleagues from human erythrocytes in the late 1980s and its cDNA sequence was reported in 1991 (reviewed in ref. 2) . In 1992, the functional identification of AQP-CHIP as a water channel protein was established by complementary RNA expression studies in Xenopus oocytes (3) and by functional reconstitution of water transport activity in liposomes after the incorporation of the purified protein (4) . These findings sparked a veritable explosion of work with an impact in several longstanding areas of investigation, such as the biophysics of water permeation across cell membranes, the physiology of fluid transport in the kidney and other organs, and the pathophysiological basis of inherited and acquired disorders of water balance. Significant progress has also been made in the analysis of the structural basis of selective water permeation through the AQP-CHIP channel. The identification of AQP-CHIP as a molecular water channel also has spawned the identification of three related AQP water channels (Table  1) , which are expressed in mammalian tissues and one of which (AQP3) is reported in this issue by Ishibashi and colleagues (7) .
Functional Role of Water Channels. In general, the plasma membranes of all animal cells (even those without water channels) are at least moderately permeable to water and can maintain osmotic equilibrium in static external environments (8 cytes and other cell types, the view emerged that water and small nonelectrolytes can traverse plasma membranes via specialized transporters (presumably proteinaceous in nature) whose selectivity is based not on molecular size alone but also on other physical properties of the transported substrates. Thus, based on knowledge gained from biophysical studies, it was predictable that independent selective transporters for water and urea would be identified. The prediction has come to fruition in the past 2 years with the identification offour mammalian water channels (all expressed in the renal medulla) and a renal medullary urea transporter (Table 1) .
Tissue Distribution and Functional Roles of AQPs. Table 1 summarizes several key characteristics of the known AQPs and compares them to those of the vasopressin-regulated urea transporter UT-2. AQP-CHIP is the major water channel of the erythrocyte plasma membrane and is heavily expressed at sites of constitutively rapid water transport in the kidney (proximal tubule and the descendinglimb ofHenle's loop) (13, 14) . In addition, AQP-CHIP is heavily expressed in epithelia and endothelia thought to be involved in fluid transport at diverse sites throughout the body (15) (16) (17) . AQP-CD (5) is the vasopressinregulated water channel of the renal CD and thus has a critical function in the regulation of water excretion. It does not appear to be expressed outside the kidney. Mercurial-insensitive water channel (MIWC) is expressed in the renal medulla (perhaps in the medullary vasculature) and in the lung (6) . Its physiological role is as yet undefined. AQP3, reported in this issue (7), is expressed in the CD of Fig. 1 . A single polypeptide chain spans the membrane six times. The N-and C-terminal ends are both in the cell interior and there are three extracellular loops (A, C, and E) as well as two intracellular loops (B and D). The two halves of the molecule exhibit substantial sequence similarity to one another but are oriented oppositely in the membrane so that corresponding regions are found on opposite sides of the membrane. The B and E loops both contain the Asp-Pro-Ala (NPA) sequence that is characteristic of the major intrinsic protein of the lens (MIP) family of proteins,* of which the AQPs are members (1).
Biochemical and structural studies have demonstrated that AQP-CHIP assembles into homotetramers in the plasma membrane (2 (Fig. 1) , forming a single water pore amidst the overlap. The tetrameric structure [a square array of CHIP monomers (24) ] is proposed to be necessary to stabilize the position of individual monomers. Thus, the central space between the four CHIP monomers is proposed to contain four independent pores each approximately the diameter of a single water molecule (26) .
A cysteine (C-189 in AQP-CHIP), located just prior to the NPA sequence in the E loop (labeled by asterisk in Fig. 1 ), has been identified as the site of inhibition ofwater permeation by mercurials in AQP-CHIP (23) . Hg2+ and organic mercurials most likely decrease water permeation by either occluding or disrupting the pore after binding to C-189. A cysteine is also present in the same relative position of AQP-CD, presumably accounting for its sensitivity to mercurials (5). However, both the mercurialinsensitive MIWC and the mercurialsensitive AQP3 lack a cysteine in this position. Presumably, the mercurial sensitivity of AQP3 is due to a cysteine at another site, perhaps C-78, which is present in the B loop near the NPA box of AQP3 but is not present at the analogous site in the three other AQPs.
Plama Membrane Domain of AQPs. Another interesting feature of the AQPs is the observed variability in targeting of the protein to distinct plasma membrane domains of epithelial cells (Table 1) . AQP3 is found predominantly in the basolateral membrane of CD cells (7) . In contrast, AQP-CD is located predominantly in the apical membrane of the same cells (5, 27) . AQP-CHIP, however, is found in very high levels in both the apical and basolateral plasma membranes of the proximal tubule and descending limb cells (13, 14) . Presumably, these differences in targeting are based in part on structural differences in the AQP proteins. Clearly, the availability of cDNAs and antibodies for these three aquaporins can potentially provide valuable tools for deciphering the structural basis of selective targeting of membrane proteins.
Reglation of Water Channel Activity. Among the AQPs, AQP-CD is the only one that has been shown to be regulated physiologically (Table 1 ). The cellular content of AQP-CD protein has been demonstrated to increase in CDs in response to water restriction in normal rats (27) (27 (7), an important future goal will be to determine whether it too is regulated by vasopressin.
The importance of the AQP-CD water channel to the regulation of body water balance has recently been underscored by the identification of a patient with distinct mutations in the two alleles ofthe AQP-CD gene and a normal type 2 vasopressin receptor (33) . This patient manifested severe nephrogenic diabetes insipidus (ND -i.e., he was unable to concentrate his urine despite high circulating concentrations of vasopressin. This defect was presumably due to an inability of the renal CD to increase water absorption to a physiologically appropriate rate in response to vasopressin. Expression of both mutated forms of AQP-CD in Xenopus oocytes revealed a complete lack of water channel function (33) . Thus, AQP-CD appears to be critical for normal CD water transport. This form of NDI is inherited in an autosomal dominant pattern consistent with the location of AQP-CD on chromosome 12 (33, 34) . Consequently, NDI due to AQP-CD water channel defects may be expected to be relatively rare in comparison to NDI due to mutations in the V2 vasopressin receptor gene (X chromosome-linked NDI), assuming an approximately equal prevalence of mutations in the two genes. This is the only known example of a clinically significant defect in AQP expression, although others are likely to be reported in the future.
